The major sialoglycoprotein in the human red cell surface membrane, glycophorin A Is encoded by a single gene. However, this gene gives rise to three species of glycophorin A mRNA of sizes about 1.0,1.7 and 2.8 kilobases in reticulocytes, foetal liver cells and erythroleukaemic K562 cells. In an investigation of how the three mRNAs originated, we showed by primer extension analysis that all three mRNAs in K562 cells had identical 5' termini and, by nucleotide sequencing of correlated cDNAs, that they had Identical coding regions, except for the well-known glycophorin A M -A N polymorphism. However, we found also by sequencing the cDNAs that the mRNAs apparently differed from each other in the lengths of their 3' untranslated regions. This was confirmed by Northern blot analysis which also provided evidence that the three mRNAs originated by use of different polyadenylation signals of which seven were found in the longest cDNA we analyzed.
INTRODUCTION
Human erythrocytes contain at least four sialoglycoproteins known under a variety of nomenclatures such as glycophorins A, B, C and D (ref. 1) . A number of biological properties have been ascribed to glycophorin A which is the most abundant of the red cell sialoglycoproteins (2) . These properties include MN blood group activity (3) and receptor activity for several entities such as wheat germ agglutinin (4), the malarial parasite, Plasmodium falciparum (5) and several viruses, for example, influenza virus (6, 7) , encephalomyocarditis vims (8, 9) , reovirus (10) and bluetongue virus (11) .
Glycophorin A has been extensively studied as a model membrane protein (12) . It contains 131 amino acids organized into an extracellular, transmembrane and intracellular domain containing about 72, 20 and 39 amino acids, respectively (13) . The extracellular domain is glycosylated containing one N-linked complex carbohydrate side chain and fifteen O-linked units which are predominantly tetrasaccharides (13, 14) .
Glycophorin A is encoded by a single copy gene on chromosome 4 at q^-q 31 (Ref. 15, 16) but three different species of glycophorin A mRNA have been found in normal human reticulocytes (17) , in human foetal liver (16) and in human erythroleukaemic K562 cells (18) which express glycophorin A on their surface (19) . The sizes of these three mRNAs were reported to be about 2.8, 1.7 and 1.0 kb (Ref. 18) . Such multiple mRNAs could arise from a single gene in eukaryotic cells by utilization of multiple initiation or termination sites, differential processing at the 3' end of the pre-mRNA or by alternate splicing (20) . To investigate in what ways the three glycophorin A mRNAs differ from each other and to decide which mechanism(s) gave rise to them, we compared the primary structures of several glycophorin A cDNAs and used Northern blot analysis to examine the structures of the three mRNAs. Based upon these observation, a mechanism for production of the three different mRNAs is proposed.
Hybridization was performed at 50°C in a solution containing 6x SSC (lxSSC is 0.9 M NaCl in 0.03 M Na citrate), lOxDenhardt's solution (1 xDenhardt's solution is 0.02% bovine serum albumin, 0.02% Ficoll and 0.02% polyvinylpyrrolidone), 0.1% SDS and yeast tRNA (100 /tg/ml) as described previously (23) . After hybridization for about 18 h, the duplicate filters were washed for 5 min in 6 xSSC at 60°C and then exposed to Kodak X-Omat RP film for about 18 h in cassettes with 2 intensifying screens at -70°C.
DNA Sequencing
The EcoRI-generated cDNA fragments isolated from six positive clones were subcloned into the EcoRI site of pUC19 (Bethesda Research Laboratories) in early experiments, or later in the Bluescript vector (Stratagene). Plasmid DNA isolated from Bluescript subclones, using either caesium chloride density gradient centrifugation (24) or a quick plasmid DNA preparation method (25) , was subjected to the exonuclease m -mung bean nuclease deletion procedure following the instructions of the manufacturer of the deletion kit (Stratagene), then religated and used to transform competent E. coli, XL1 Blue cells prepared by a modified method of Hanahan (26) . Double-stranded and single-stranded plasmid DNA was nucleotide sequenced by the chain termination method of Sanger (27) using Sequenase (United States Biochemical Corporation). The sequencing strategy is shown in Fig. 2 
(c).

Southern blotting
Southern blotting (28) was performed as described by Maniatis et al. (24) . Hybridizations with oligonucleotide GPA-N2 were performed as described above for cDNA cloning. The oligonucleotides GPA-N1 and GPA-C were hybridized in solutions of the same composition as used for GPA-N2 but at 37 C C and 52°C, respectively. Following hybridization, the blots were washed for 5 min at 60°C, 52°C and 39°C for GPA-N2, GPA-N1 and GPA-C, respectively, and exposed to film as described for cDNA cloning. When the 0.8 kbp EcoRl fragment from X-gpa6 was used as a probe, hybridization was performed for about 18 h at 42°C in a solution containing 6xSSC, 0.1 % SDS, 200 jig/ml sonicated salmon sperm DNA and 5xDenhardt's solution. The membranes were then washed successively with 6xSSC in 0.1% SDS for 15 min then with 2x SSC in 0.1% SDS for 15 min and finally with O.lxSSC in 0.1% SDS at 55°C throughout and autoradiographed as for cDNA cloning.
Northern blotting
About 10 ng poly A + RNA prepared from K562 cell total RNA (19) using an oligo (dT) cellulose column (29) , was electrophoresed on a denaturing 1.0% agarose gel containing 2.2 M formaldehyde (24) and transferred to a Hybond-N nylon membrane following the manufacture's instructions. Hybridization with oligonucleotide GPA-N2 was performed as described for screening the cDNA library. Oligonucleotide GPA-MS, GPA-ML and GPA-L hybridization was performed at 50°C in a solution containing 5XSSPE (1 xSSPE is 0.15 M sodium chloride, 1 mM sodium phosphate and 1 mM EDTA), 5XDenhardt's solution, yeast tRNA (100 jig/ml), sonicated salmon sperm DNA (50 /tg/ml) and 0.1% SDS. The nylon membranes were washed in 6XSSC containing 0.01% SDS for 5 min at 60°C for oligonucleotide GPA-N2. For oligonucleotides GPA-MS, GPA-ML and GPA-L the washing was performed for 1 h at ambient temperature in 2 X SSC containing 0.1 % SDS followed by 15 min at 53°C (about 20°C below their Td). The membranes were then autoradiographed as described above for screening cDNA clones.
Primer extension analysis K562 cell RNA (50-100 /ig total or 5-10 /ig poly A + RNA) was mixed with 0.5-1.0 pmole 32 P-labelled GPA-N2 and denatured by heating at 80°C for 3 min followed by annealing at 42°C for 1 h. Seven units of reverse transcriptase and the four deoxynucleoside triphosphates (20 mM each) were added to the annealed RNA-primer complex which was then incubated at 42 °C for 1 h, treated with DNase-free RNase A (20 /ig) at 37°C for 20 min and extracted with phenol:chloroform (1:1) The product was then analyzed by electrophoresis on a sequencing gel containing 5% polyacrylamide and 7 M urea.
RESULTS
cDNA Cloning
Glycophorins A and B have identical amino acid residues in positions 1 to 26 (glycophorin A numbering is used) and are highly homologous in the region containing residues 59 to 72, but differ from each other in that residues 27 to about 58 are missing from glycophorin B (1). To avoid selecting glycophorin B cDNAs, a K562 cell cDNA library was screened with oligonucleotide GPA-N2 which was complementary to the sequence coding for amino acids 30 to 40 in glycophorin A (Fig.  2a) . This resulted in the isolation of six clones containing glycophorin A sequences (designated X-gpal and X-gpa3 to Xgpa7). Analysis by agarose gel electrophoresis of £ce>Rl -digested DNA from all six clones revealed a common cDNA fragment of about 0.8 kbp in size (Fig. la) . In addition, clones X-gpa3 and X-gpa5 contained a fragment of size about 0.9 kbp while clone X-gpa6 also contained an additional fragment but of about 1.3 kbp in size (Fig. la) . Thus, three of the clones contained 0.8 kbp inserts, two had 1.7 kbp inserts and one a 2.1 kbp insert. When £coRl-digested DNA fragments were transferred by blotting from an agarose gel to a nylon membrane which was then probed with GPA-N2, the 0.8 kbp fragments from all of the cDNA clones retained the signal (Fig. lb ). An identical result to this was obtained (result not shown) when similar blots were probed with oligonucleotides GPA-N1 or GPA-C which were complementary to regions encoding amino acids 24-30 and 122 -127, respectively, of the 131 amino acids in glycophorin A (Fig. 2a) . These results indicated that the 0.8 kbp fragment from each cDNA clone probably contained the full coding sequence in addition to some nucleotides representing either the 5' or the 3' untranslated regions, or both. In contrast, the 0.9 and 1.3 kbp fragments did not hybridize with oligonucleotide GPA-N2 (Fig. lb) nor with GPA-N1 nor GPA-C (result not shown) demonstrating that neither fragment contained coding region sequences and suggesting that they corresponded to either the 3' or the 5' untranslated regions of glycophorin A mRNA.
Sequencing the cDNA clones
The nucleotide sequence of the 0.8 and 1.3 kbp fragments from cDNA clone X-gpa6 was determined in both directions. Although it was evident that the 0.8 kbp fragment corresponded to the coding region based on published amino acid (13) and partial nucleotide sequences (18), it was not clear whether the 1.3 kbp fragment lay 3' or 5' with respect to the coding region. Partial sequencing of 0.8 and 0.9 kbp fragments from our other five clones revealed no overlapping sequences which would have resolved the problem. However, while our work was in progress, the structures of two glycophorin A cDNA clones which overlapped the sequences we had determined were published (16, 17) enabling us to conclude that the 1.3 kbp fragment lay 3' with respect to the 0.8 kbp fragment. Similarly, since nucleotide sequences found in the 0.9 kbp fragments were present in the 1.3 kbp fragment, it was concluded that the 0.9 kbp fragments in cDNA clones X-gpa3 and X-gpa5 also lay 3' of the coding region.
The 0.8 kbp fragments from each of the cDNA clones ( Fig.  la) differed slightly from each other in size. In their 5' untranslated regions, X-gpal, X-gpa5 and X-gpa6 had 23 bases, X-gpa7 had 36 bases and X-gpa3 and X-gpa4 had 42 bases. In addition, X-gpa3 was 24 bases longer at the 3' end than the other 0.8 kbp fragments. Further, the 0.8 kbp fragment from X-gpa5 had the complete coding sequence for the A N polymorphic form of glycophorin in which leucine and glycine are found in positions 1 and 5 (numbered from the N-terminus), respectively, whereas the other five 0.8 kbp fragments had the coding sequence for glycophorin A M which contains serine and glutamic acid in these positions (1) . Apart from these differences, the six 0.8 kbp fragments were identical.
The longest available sequence for glycophorin A M cDNA is shown in Fig. 2a . This structure was derived from that for the 0.8 and 1.3 kbp fragments from X-gpa6, and the 24 bp fragment located between the two internal £coRI sites at nucleotide numbers 747 and 771 in X-gpa3. The approximate positions of the 0.8, 0.9 and 1.3 kbp fragments from the six cDNA clones we isolated are shown diagrammatically in Fig. 2b .
The sequence we found for nucleotides 1 to 488 in X-gpa6 (Fig.  2a) , which encompasses the coding region, was identical to that reported by Kudo and Fukuda (30) for glycophorin A genomic DNA also from K562 cells. Similarly, our sequence for nucleotides 90 to 935 was identical to that found by Rahuel et al. (16) for a glycophorin A cDNA clone prepared from a human foetal liver cDNA library. The X-gpa6 sequence differed from the first partial glycophorin A cDNA sequence from K562 cells reported by Siebert and Fukuda (18) but agreed with the revised sequence published by the same authors (31) , except that we found T not A in position 228 (Fig. 2a) ; however, this difference would result in a silent mutation.
Tate and Tanner (17) have also sequenced a glycophorin A cDNA clone named ALP1 which was obtained from a human reticulocyte cDNA library. The sequence was 32 nucleotides longer than X-gpa6 at the 3' end and terminated at nucleotide 935 (Fig. 2a) , excluding a 16 base long remnant of the poly (A) tail. The following nucleotide positions in X-gpa6 differed from those in ALP1 which contained the bases given in parentheses: 62(A), 83(T), 95(A), 96(G), 117(T) and 552(Q. The bases in positions 83, 95 and 96 in ALP1 would result in glycophorin A with leucine and glutamic acid at amino acid residues 1 and 5, instead of serine and glycine our sequence predicts (Fig. 2a) , demonstrating that ALP1 and X-gpa6 code for the polymorphic N and M forms of glycophorin A, respectively (1) . The difference at nucleotide 62 would result in glutamic acid at amino acid position -7 in the signal sequence in ALP1 and alanine in Xgpa6, while differences at positions 117 and 552 represent silent mutations. The sequence we obtained for cDNA clone X-gpa5, like ALP1, had bases T, A and G in positions 83, 95 and % and, therefore, codes for glycophorin A N . Unlike ALP1, however, X-gpa5 was found to have the same bases as X-gpa6 in positions 62, 117 and 552.
Relationship between cDNA clones and mRNAs
To determine if the three mRNAs reported for glycophorin A (16 -18) were represented by the six cDNA clones we had isolated, K562 cell poly A + RNA was subjected to Northern blot analysis using oligonucleotide GPA-N2 which recognized all six cDNAs (Fig. lb) . Two broad bands of sizes slightly above 1.0 and 1.7 kb and a narrower band of about 2.8 kb were detected in the approximate proportions 30%, 60% and 10%, respectively, as determined by densitometry of the autoradiogram (Fig. 3, lane  N2) . These mRNAs obviously correspond to those described previously by Siebert and Fukuda (18) whose nomenclature is used in the present report.
The realization that the cDNAs we had isolated could conveniently be grouped into three size classes of 0.8, 1.7 and 2.1 kbp gave rise to the notion that each class was derived from the appropriate glycophorin A mRNA of sizes 1.0, 1.7 and 2.8 kb, respectively. Certainly, cDNA clone X-gpa6 of size 2.1 kbp could not have been derived from the 1.0 or 1.7 kb mRNAs and, therefore, must have originated from the 2.8 kb mRNA.
cDNA clones X-gpa3 and X-gpa5 of size 1.7 kbp could also have been reverse transcribed from the 2.8 kb mRNA. However, this is unlikely since it would imply at least three of the six cDNAs isolated were derived from the least abundant mRNA. Since these two cDNA clones could not have been derived from the 1.0 kb mRNA, the most reasonable conclusion is that they were derived from the 1.7 kb mRNA.
The three 0.8 kbp cDNA clones (X-gpal, X-gpa4 and X-gpa7) were not necessarily derived from the 1.0 kb mRNA. They could have been produced from the larger cDNAs by cleavage at one of the two £coRI sites located at positions 747 or 771 (Fig. 2a) . Nevertheless, it seems reasonable to postulate that at least one of the three 0.8 kbp cDNAs was derived from the 1.0 kb mRNA, the second most abundant of the three mRNAs.
Primer Extension Analysis
To determine if the three glycophorin A mRNAs differed from each other in size because they had 5' untranslated regions of different length, poly A + and total RNA from K562 cells were subjected to primer extension analysis using oligonucleotide GPA-N2 which codes for amino acids 30 to 40 unique to glycophorin A. Sequencing showed that clones X-gpal, \-gpa5 and \-gpa6 contained 5' untranslated regions of 24 nucleotides long which were shorter than those for the other three clones (see above). In addition, there were 144 nucleotides of translated sequence to the start of the region coded by GPA-N2 which was, itself, 33 nucleotides long. Therefore, fragments produced during primer extension analysis by reverse transcription to the 5' terminus of glycophorin A using GPA-N2 as a primer should be at least 201 nucleotides long. Fragments shorter than this could arise by premature termination and should be ignored.
Another consideration was that the mRNAs were present approximately in the proportions 30%, 60% and 10%, respectively, as described above. Thus, if each mRNA had its own unique 5' terminus, three bands in approximately these proportions would be expected during primer extension analysis.
In fact primer extension analysis with GPA-N2 revealed a single, major product greater in size than 201 nucleotides at a position of about 230 nucleotides long with only trace amounts of other components (Fig. 4a, Lanes 1 -4) . The size of the major product was deduced by running nucleotide sequencing reactions of the Bluescript plasmid-X-gpa6 boundary in parallel lanes (Fig.  4a , Lanes G, A, T, C) adjacent to the primer extension lanes. Thus, the result of primer extension analysis was consistent with a single initiation site for synthesis of all three glycophorin A mRNAs ruling out the possibility that differences at the 5' end of glycophorin A mRNAs contributed to the large size differences seen in the three glycophorin A mRNAs. The results also suggested that the 5' untranslated region in all three glycophorin A mRNAs was about 53 nucleotides long.
A similar size was reported by Tate and Tanner (17) for the 5' untranslated region of a cDNA derived from the smallest glycophorin A mRNA. Further, Kudo and Fukuda (30) established by S1 nuclease mapping that initiation of glycophorin A transcription begins at the 5'-most nucleotide of the cDNA sequence found by Tate and Tanner.
Searching for Differences in the Coding Region
As discussed above, it was likely that all three glycophorin A mRNAs were reverse transcribed and were represented in the three size classes of cDNA we isolated. Determination of the sequences for the six 0.8 kbp fragments revealed that they all contained the same number of nucleotides in the segment corresponding to the coding region for glycophorin A. In addition, the number of nucleotides in the coding region of glycophorin A cDNAs sequenced by others was identical (16, 17) , or very nearly so (18) to the number we found. Assuming that all three mRNAs were represented in the cDNAs we and others have sequenced, it appears that the mRNAs have identically-sized coding regions thus excluding this region as the basis for the differences in mRNA size observed.
Differences at the 3' Ends of the mRNAs
Nucleotide sequencing the various glycophorin A cDNA clones isolated in the present study showed that they differed in the lengths of their 3' terminal regions (Fig. 2b) . To determine if these dissimilarities reflected size differences in the mRNAs, themselves, oligonucleotides GPA-MS, GPA-ML and GPA-L were synthesized to probe Northern blots of K562 cell poly A + RNA.
Oligonucleotide GPA-MS which was complementary to nucleotides 1623 to 1647 in the cDNA (Fig. 2a) revealed a broad band of about 1.7 kb and a less abundant component of 2.8 kb but no 1.0 kb mRNA (Fig. 3, lane MS) .
Oligonucleotide GPA-ML which was complementary to nucleotides 1814 to 1838 hybridized to the 2.8 kb mRNA and, in addition, to less abundant 2 kb and 5 kb components (Fig.  3, lane ML) . The latter two were possibly 18S and 28S ribosomal RNAs, respectively, since similar sized components were also detected by Northern blot analysis of poly A~ RNA probed with GPA-ML (Fig. 3, lane A~) . Hybridization to these additional components could have occurred because oligonucleotide GPA-ML was AT-rich and, therefore, required low stringency conditions for hybridization. Another possible explanation for the detection of low levels of RNA of about 2 kb in length by oligonucleotide ML was that 1.7 kb mRNA was in fact heterogeneous and contained a component of about 2 kb in size. Consistent with this was the observation that 1.7 kb mRNA was present as a broad band (Fig. 3, lanes N2 and MS) .
Oligonucleotide GPA-L which was complementary to nucleotides 2056 to 2081 in the cDNA (Fig. 2a) hybridized to the 2.8 kb mRNA species and to two much less abundant components of about 2 and 5 kb in size (Fig. 3, lane L) . The latter two components did not quite line up with the 2 and 5 kb components seen in lanes ML and A~ (Fig. 3) because lane L was from a different electrophoresis run. Nevertheless, enough runs have been made to conclude that the components of about 2 kb and 5 kb in size were the same and were probably 18S and 28S ribosomal RNAs, respectively, since similar sized components were also detected by Northern blot analysis of poly A~ RNA probed with GPA-L (result not shown). As for oligonucleotide GPA-ML, detection of these additional components could have occurred because oligonucleotide GPA-L was AT-rich and, therefore, required low stringency conditions for hybridization, or in the case of the 2 kb band represented a minor component of this size.
From these results it is concluded that: (i) the 1.0 kb mRNA did not reach as far as the region encompassed by nucleotides 1623 to 1647 (GPA-MS) (Fig. 2a); (ii) the 3' region of the bulk of 1.7 kb mRNA extended beyond nucleotides 1623 to 1647 (GPA-MS) but not as far as far as 1814 to 1838 (GPA-ML), although a minor 2.0 kb mRNA recognized by GPA-ML might be present; and (iii) the 3' region of the 2.8 kb mRNA extended beyond nucleotide 2105 (i.e. beyond the end of clone X-gpa6). It seems self-evident that a 1.0 kb mRNA would not hybridize to an oligonucleotide containing bases 1623 to 1647 in our clone \-gpa6, that a 1.7 kb mRNA extends beyond base 1647 but not as far as base 1814 and that a 2.8 kb mRNA must extend beyond base 2105. However, these conclusions were obvious only once we had found that transcription of these mRNAs began at the same site and that \-gpa6 extended within about 50 bases of the 5' terminus.
DISCUSSION
Three glycophorin A mRNAs of size 1.0, 1.7 and 2.8 kb could differ from each other in the lengths of their 5' untranslated regions produced, for instance, by use of three different initiation sites for transcription. We showed in this report that this was not the explanation for the existence of the three mRNAs since the evidence suggested that all were found to contain identically sized 5' untranslated regions of about 53 nucleotides long based on primer extension analysis.
The three mRNAs could differ from each other internally, the smaller species containing deletions resulting from alternative splicing, for example. We found that the complete nucleotide sequences present in the small and medium sized cDNAs were also present without interruptions in the largest cDNA. This indicated that the smaller mRNA species did not differ from the larger ones by containing deletions, assuming that the sequences in the cDNAs were representative of those in the three mRNAs.
Messenger RNAs could differ from each other in the size of their 3' untranslated regions and this is where we found the glycophorin mRNAs were unalike. Such differences could theoretically arise by differential splicing, the smaller mRNA species lacking terminally located exons. While our work was in progress, Kudo and Fukuda (30) published details of the gene organization and intron-exon junctions for glycophorin A. These authors found that about 4 amino acids of the coding region and all of 3' untranslated region are encoded by a single exon of about 2.1 kb in length. Accepting that the 2.8 kb mRNA contains this exon, an RNA lacking it would be 0.7 kb in size and not 1.0 nor 1.7 kb as found for the two smaller mRNA species. Clearly, differential splicing at the 3' end of a gene of this structure does not explain the origin of the three mRNAs seen.
The most reasonable explanation of the origin of the three glycophorin A mRNAs is that either the single copy gene is transcribed into three different sized pre-mRNAs each of which is processed to its own unique mRNA, or alternatively, one premRNA is produced which is processed into three mRNAs (Fig.  5 ). Either mechanism would utilize different polyadenylation signals (AAUAAA) of which there are seven in the 3' untranslated region of our longest cDNA (Fig. 2a) . Tate and Tanner (17) and Rahuel et al. (16) isolated and sequenced glycophorin A cDNAs which included a 3' untranslated region of approximately 460 bases and, in addition, a poly A segment, the presence of which indicated that both cDNAs contained an authentic 3' mRNA terminus. The similarity in size of these cDNAs to that of the smallest glycophorin mRNA suggests that the clones represent the complete sequence of the 1.0 kb mRNA. Both cDNA clones examined contain the two polyadenylation signals we also found starting at nucleotide positions 569 and 917 (Fig. 2a) . It would appear that the second of these signals is that recognised by the endonuclease which cleaves pre-mRNAs prior to polyadenylation to produce the smallest glycophorin A mRNA.
We suggest that the 1.7 kb mRNA is produced similarly principally through use of polyadenylation signal 6 (nucleotides 1652 to 1657)(see Figs. 2 and 5 ). This suggestion is based on the observation that Northern blot analysis showed that nucleotide sequence (1623 to 1647, GPA-MS) immediately upstream of polyadenylation signal 6 was present in the intermediate sized mRNA whereas nucleotide sequence (1814 to 1838, GPA-ML), which lies between polyadenylation signals 6 and 7 was absent at least from the bulk of 1.7 kb mRNA. The qualification that it was the bulk of 1.7 kb mRNA rather than all of the 1.7 kb mRNA which was produced by utilization of polyadenylation signal 6 was added since this mRNA species was possibly heterogeneous and our results did not exclude the possibility that polyadenylation signals 4, 5 and 7 were also used to some extent. The suspicion that more than one polyadenylation signal might be used to generate the 1.7 kb mRNA species was raised not only by the broad appearance of the 1.7 kb mRNA on Northern analysis (Fig. 3, lane N2) but also by the finding that oligonucleotides GPA-ML and GPA-L, in addition to detecting the 2.8 kb mRNA, also revealed a component slightly larger than 1.7 kb (Fig. 3, lanes ML and L) . Oligonucleotide GPA-ML could be expected to detect an mRNA generated by employing polyadenylation signal 7 (Figs. 2 and 5) which would produce a component close to 1.9 kb in size not including a poly A sequence. However, it was also possible that oligonucleotides GPA-ML and GPA-L were hybridizing non-specifically to 18S ribosomal RNA (Fig. 3, lane A~) . The 2.8 kb mRNA could have originated by cleavage from its own unique pre-mRNA or more likely from a common premRNA. However, the use of the most 3' terminally located polyadenylation signal that we found (number 7) (Fig. 2a, Fig.  5 ) would produce an mRNA of considerably less than 2.8 kb in size so that a polyadenylation signal beyond the 3' end of our cDNA clone \-gpa6 must be used to generate the 2.8 kb mRNA species. In fact, in the partial sequence for the 3' untranslated region of glycophorin A reported by Kudo and Fukuda (30) a polyadenylation signal is present which we have termed 'n' (Fig.  5) ; use of this signal would produce an mRNA of about 2.8 kb.
The 1.7 kb glycophorin mRNA was more abundant than the 1.0 or 2.8 kb species (Fig. 3, lane N2) . If our explanation that the three mRNAs are generated by exploiting different polyadenylation signals is correct, a possible reason for the greater abundance of the 1.7 kb species is that signal 6 is used more frequently for polyadenylation than are signals 2 and V which in turn are used in preference to signals 1, 3, 4, 5 and 7.
AAUAAA elements recognised for polyadenylation purposes often have GU-and U-rich sequences within the adjacent 30 residues or so downstream (32, 33) . Consistent with this observation, we found that sequences following polyadenylation signal 6 were richer in GU and U than were those following signal 2; this is particularly so if 50 residues rather than 30 residues downstream were considered (Fig. 2a) . However, although signals 2 might be used less frequently than signal 6, it is nevertheless recognised for polyadenylation purposes and yet sequences following it showed no preponderance of GU or U compared with signals 1 and 3 to 5 which are apparently used more rarely, if at all. Similarly, signal n, although probably used in polyadenylation, is not followed by GU/U rich sequences (30) .
An alternative explanation for the difference in the abundance of the three mRNAs is that they differ in stability. There are several reports that (A + U)-rich regions just upstream of the 3' poly (A) tail decrease mRNA stability (34) (35) (36) . If the same is true for glycophorin A mRNAs, it would be predicted that the less abundant 1.0 and 2.8 kb components would be richer than the 1.7 kb mRNA in (A + U) residues close to their poly (A) segment. Polyadenylation signals 2 and 6 ( Fig. 2a ) and signal n (ref. 30 ) contained 72, 76 and 71 (A + U) residues, respectively, within the 100 residues immediately upstream. Thus, although the regions adjacent to these signals were noticeably (A + U)-rich, sequences upstream of signal 6 if anything were actually richer than signals 2 and n in (A + U).
It would appear, therefore, that the excess of the 1.7 kb mRNA over the 1.0 and 2.8 species is not related to the content of (A + U) residues upstream nor to GU/U residues downstream of the polyadenylation signal and that the mechanism which regulates glycophorin A mRNA abundance remains to be determined.
The structure of the longest glycophorin A mRNA, in particular, needs further comment. It is interesting to note that clone X-gpa6 contained the equivalent of a 3' untranslated region almost three times the length of the coding region. Even more remarkable was that cDNA clone X-gpa6 of 2.1 kb size did not fully represent the largest glycophorin A mRNA of size 2.8 kb. Therefore, the actual size of the 3' untranslated region in the large glycophorin A mRNA must be even longer than that represented in this cDNA clone.
